Background : Previously, we 
Asthma is a heterogeneous disease, characterized by airway chronic inflammation together with 42 airway hyperresponsiveness [1] . It is more common in childhood, and most adult asthma originate 43 from childhood indicating that childhood events have an important role in asthma pathogenesis 44 [2] [3] [4] . Childhood is an important period for the maturation of the immune system, specific infections 45 may alter immunologic programming, which plays critical role in the progression of allergic 46 airways disease (AAD) [5] . Neonatal infections caused by Streptococcus pneumoniae (S. 47 pneumoniae), Haemophilus influenzae, Moraxella catarrhalis can increase the risk of bronchiolitis 48 [6] and preschool asthma [7] . S. pneumoniae is the most common bacterial pathogen of community 49 acquired pneumonia in childhood. Our previous study suggested that neonatal S. pneumoniae 50 pneumonia promoted OVA-induced asthma development [8] .
Although the prevention and 51 treatment of asthma induced by S. pneumoniae pneumonia is crucial, while it remains indistinctly. 52
Pneumonia continues to be a serious health issue worldwide; affecting millions annually, 53 increasing morbidity and mortality globally [9] [10] [11] [12] . Pneumonia decreases vitamin A levels 54 significantly in children under five years old [13] . Infections may affect vitamin A intake, 55 absorption, storage, release, distribution and metabolism [14] . Vitamin A is predominantly stored in 56 the liver as retinyl esters with lung being a secondary storage site. Evidence shows that vitamin A 57 deficiency may be associated with asthmatic development [15, 16] . Our previous study indicated that 58 the severity of vitamin A deficiency was associated with the course and severity of wheezing in 59 infants [17] . . 90
Establishment of a Vitamin A supplement model 91
Retinyl palmitate (Sigma) with all-trans retinoic acid (Sigma) in the ratio of 10:1 was dissolved in 92 rapeseed oil to configure to the vitamin A used for subsequent experiments [19] . 
113

Measurement of airway hyperresponsiveness (AHR) 114
AHR was assessed in vivo by measuring the changes in transpulmonary resistance using a mouse 115 plethysmograph and methods previously described [21] [22] [23] . Briefly, 24 hours after the final challenge, 116 AHR was measured in conscious, unrestrained mice by whole-body plethysmography (Emca 117 instrument; Allmedicus, France). Each mouse was exposed to aerosolized PBS followed by 118 increasing concentrations of aerosolized methacholine (Sigma-Aldrich, St. Louis, Mo. USA) 119 solution (3.125, 6.25, 12.5, 25, and 50 mg/ml; Sigma) in PBS for 3 min and then rested for 2 min. 120
The average Penh for each concentration was calculated from the continuously recorded pressure 121 and flow data for 5 min. Penh is a dimensionless value and correlates with pulmonary airflow 122 resistance. It represents a function of the ratio of peak expiratory flow to peak inspiratory flow and 123 a function of the timing of expiration. 124
Bronchoalveolar lavage fluid and cell counting 125
Twenty-four hours after the final challenge, mice were anesthetized with 10% chloral hydrate (0.1 126 mL/100 g, i.p). Bronchoalveolar lavage fluid (BALF) was obtained by flushing the lungs twice 127 with 1 ml each of PBS through a cannulated trachea. The two aliquots were then pooled to obtain 128 one sample for each mouse. Erythrocytes were lysed, and the remaining cells were centrifuged at 129 3000 rpm for 5 min. Total cell numbers in the BALF were determined using a standard 130
hemocytometer. Differential cell counts were performed based on standard morphological and 131 staining characteristics of at least 250 cells per sample. Supernatants were stored at -80°C. All 132 slides were characterized by a single blinded examiner to eliminate bias. 133
Histo-pathology of lungs 134
Twenty-four hours after the final challenge, mice were euthanized by an intraperitoneal injection 135 of a lethal dose of 10% chloral hydrate (0.3 mL/100 g, i.p.) to harvest the lungs. After fixing in 136 formaldehyde for 24 hours, lungs were dissected and embedded in paraffin. Four micron thick 137 sections were stained with hematoxylin and eosin (H&E; Sigma-Aldrich). At least five bronchi 138 were selected from each mouse based on size (150-350mm in diameter) for analysis. The degree 139 of airway inflammatory cell infiltration was scored in a single-blind fashion to reduce evaluator 140 bias. Lung lesions were scored semi-quantitatively using a measurement tool as previously 141 described [24] . Images were captured under a Nikon Eclipse E200 microscope connected to a Nikon 142
Coolpix 995 camera (Nikon, Tokyo, Japan). (Fig 2A) . Serum vitamin A levels showed significant decline 179 seen within the initial 2 weeks normalized over the next 2 weeks after pneumonia (Fig 2B) . 180
Vitamin A levels in liver were similar between neonatal S. pp and control groups (Fig 2C) . These 181 findings show that neonatal S. pp causes lung vitamin A deficiency in murine lungs. 182 S.pp/OVA mice ( Fig.4A-B) . The inflammation scores of pulmonary peribronchitis, perivasculitis 206 and alveolitis in the S.pp /OVA group were significantly higher than the OVA group. In contrast, 207 the inflammation scores in S.pp+VA/OVA group were lower than the S.pp /OVA mice (P<0.05) 208 (Fig 4 C-E 
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Vitamin A supplement after neonatal S. pneumoniae pneumonia affect cytokines production 235 during AAD 236
Twenty-four hours after the final challenge, BALF was obtained to detect the cytokines by ELISA. 237
The productions of IL-4, IL-5, IL-13, IL-17A were significantly higher (P < 0.01), while IFN-γ 238 was significantly lower in the S.pp/OVA group compared with the OVA group (P < 0.01). 
270
Discussion
271
Asthma is one of the most common chronic diseases in children [25] . Epidemiological studies have 272 demonstrated the association between early-life infections and subsequent asthma development . It is now well accepted that asthma is a heterogeneous syndrome with many clinical subtypes. 274 Viral infections have been implicated in asthma pathogenesis as well as exacerbation [28] [29] [30] [31] .
275
Infection by atypical pathogen (such as Mycoplasma pneumoniae) also appears to play important 276 role in the induction and exacerbation of asthma both in children and adults [32, 33] . Recent studies 277 suggest some bacterial infection have important role in asthma pathogenesis [34, 35] . Clinical study 278 stated acute episodes of wheezing in some children are closely associated with bacterial infection 279 [32] and S. pneumoniae infection may increase the risk of asthma exacerbation [36] . Our previous 280 study indicated that neonatal S. pneumoniae pneumonia promoted early adulthood allergic asthma 281 development [8] . Pneumonia decreases vitamin A levels significantly in children under five years 282 old [13] . In this study, we monitored vitamin A levels after S. pp and investigated the effect of 283 vitamin A supplement post-infection on the development of allergic asthma. Others have reported that retinol was decreased in LPS or rhIL-6 treated infant rats [18, 37] , and in 293 human infants and young children who have S. pneumoniae or other infections [14, 38, 39] . Similarly, 294
we showed that neonatal S. pneumoniae pneumonia decreased lung vitamin A levels until early 295 adulthood in mice. In contrast, Katherine et al [9] found no significant differences in vitamin A level 296 in serum and lung between S. pneumoniae infected and mock-infected adult mice, indicating that S. 297 pneumoniae infection at different periods of life may induce different effects on vitamin A levels. 298
Possible explainations for lung vitamin A deficiency after neonatal S. pneumoniae pneumonia 299 include: 1) insufficient vitamin A storage in neonates; 2) increased vitamin A consumption: fast 300 growth in neonates increases the need of vitamin A, repairing the damaged epithelial may increase 301 vitamin A consumption [13] ; 3) vitamin A deficiency may reduce retinol binding protein (RBP) 302 production, leading to decreased mobilization of vitamin A from liver [18] ; 4) ordinary food 303 supply after neonatal pneumonia is insufficient to restore vitamin A concentrations [40] .
304
Epidemiologically vitamin A deficiency is common in asthmatic patients [17, [41] [42] [43] . , or via direct effects on the immune system [49, [55] [56] [57] . A recent 322 study demonstrated dexamethasone therapy alone could not relieve allergic asthma airway 323 epithelium injury, but combined with vitamin A promoted epithelium repair by down-regulating 324 leucine zipper (GILZ) expression and activating MAPK-ERK signaling [58] . However, there are 325 some studies also suggest association of vitamin A supplement with increased risk of asthma. 326
Some clinical studies found infants supplemented vitamins A or multivitamin showed increased 327 risk of allergic disease [59, 60] . In addition, a study in Norwegian adults showed that daily intake of 328 cod liver oil (rich in vitamin A) for ≥1 month significantly increased the incidence of adult-onset 329 asthma [61] . One possible explanation for these inconsistencies is that excessive vitamin A may 330 lead to its accumulation in the lung and hypervitaminosis A [62] . Hypervitaminosis A has been 331 reported to be associated with airway hyperresponsiveness in mice model [63] . 
